The complex particle energy, appearing in this article, with the suggestive choices of physical parameters,is transformed simply into the real particle energy. Then with the bicubic equation limiting particle velocity formalism, one evaluates the three particle limiting velocities, c 1 , c 2 and c 3 , (primary, obscure and normal) in terms of the ordinary particle velocity, v, and derived positive m + = m ≻ 0 and negative m − = −m ≺ 0 particle masses with m
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The aim of this article is to process the chosen physical parameters so as to make the particle energies, velocity squares and limiting velocities real as shown in (1.2). In the course of this process, the quantization of the particle mass, m, into positive mass, m + , and negative mass, m −, occurs which, in turn, is affecting he particle velocity square, v 2 , and particle energy, E , respectively with making changes Rev 2 −→ v 2 , Imv 2 −→ 0 and, ReE −→ E, ImE −→ 0.
With this selection process, the congruent parameter, z(m), will get quantized as z
Taking these facts into account, the following are important elements of the particle limiting velocity bicubic equation as taken fromŚoln (2014, 2018a, 2018b) but adjusted for new parameters. Here, one assumes that the derived real energy, E, will not be much larger than mv 2 (Re E ≽ mRev 2 ), with resulting z 2 (m ± ) ≽ 1 and D(m ± ) ≽ 0 as shown in detail in (1.2).
With derived real energy, E, (implying also real v 2 ), the negative particle mass, m − = −m ≺ 0, is unavoidable in this presentation which will reflect explicitly on the values of the congruent parameter, z, satisfying z 2 (m) = 1, yielding of course z(m±) = ±1, so that z(m + ) = −z(m − ) = 1 with m ± = ±m, m ≽ 0 and with D(m ± ) = 0.
In Section 2 the solutions for squares of primary,c 2 1 , obscure, c 2 2 , and normal , c 2 3 , particle limiting velocity solutions are given. According to Burrington (1973) , c 2 1 and c 2 2 are two conjugate complex roots of the bicubic equation and, as such, with their imaginary portions affecting the particle energy and velocity-square to be complex. Adjusting the particle parameters so as to make imaginary portions of the energy and velocity squared simultaneously equal to zero, ImE = 0, Imv 2 = 0, one obtains that c ≺ 0, and implying the c 3 to be imaginary, the corresponding particle, never the less,has real ordinary velocity and the same real energy as particle with either c 2 1 or c 2 2 limiting velocity squares. A particle with a real ordinary velocity, v, and real energy, E, but imaginary limiting velocity c 3 , making it difficult to identify, might be a potential example of a dark matter particle. In fact, the interest today is rather strong to explore large ranges of dark matter particles from ultraviolet to sub-MeV in energies (see, for instance Alonso, Blas, & Wolf, 2018) . Hence, here in this work, we wish to address the behaviors of light ordinary or dark matter particles and see how these can be used when applied to the light sterile neutrino dark matter particles Ng et al. (2019) .
Section 3 is devoted to summary with discussion and the treatment of specific examples of sterile neutrino dark matter particles.
Limiting velocity solutions with positive and negative particle masses
The mathematical solutions (Burrington, 1973) for the squares of primary, obscure and normal limiting velocities, c ( tan 
From relations (2, 1 2) and (2. 3) one can express the energy with each particle limiting velocity as,
and, after expressing v 2 (c i ) , i = 1, 2, 3 in terms of c ( tan
As one sees, these deductions not only eliminated the imaginary parts from energies E (c 1 ) and E (c 2 ) but also from limiting velocity squares, c 2 1 (m ± ) and c 2 2 (m ± ). One should notice the appearance of the energy, E (m ± ) = 3 √ 3mv 2 /2, in (6.3) which, numerically, it will turn out not only to be E (c 1 ) and E (c 2 ) but also E (c 3 ). In other words, the same energy for all three particle with limiting velocities, c i , i = 1, 23. Also,important thing to notice is the fact that these deductions in a simple way quantized the congruent parameter, z (m ± ), into ±1 values which, in turn quantizes he mass into m ± = ±m with m ≽ 0. . Furthermore, with parameter values from relations (6.1, 2, 3), the primary, obscure and normal limiting velocity squares follow from (2.1, 2) and (2.3) to be apr.ccsenet.org Applied Physics Research Vol. 11, No. 2; 2019 ordinary velocity can change the limiting single valued doublet real velocity, c 1,2 , into the imaginary velocity, c 3 , and still retain the same energy, E.
We can actually, give an outline of the real and imaginary limiting velocities occurrences on an example from the literature. Namely,recently Kenny C. Y. Ng et al. (2019) in studying the constraints on sterile neutrino dark matter from NuSTAR M31 observations, have put forward a well-motivated sterile neutrino dark matter candidate denoted as χ. This well studied sterile neutrino candidate can radioactively decay into mono-energetic photon, γ, and into an active neutrino, ν. It was concluded that the mass of the sterile neutrino satisfy m χ c 2 ≽ 12keV , with c the velocity of light. Here, it may be assumed that the sterile neutrino dark matter particle physical parameters nature chose so as to only real portion of the energy remains. If so, this sterile neutrino dark matter particle should through limiting velocities, the real one, c 1,2, and the imaginary ,c 3, obey the same value energy expressions (8.1,2; 3), allowing the masses to be positive and negative. For simplicity we choose that c 1,2 = c , the velocity of light, and that m χ c 2 = 12keV. Then, consistent with (7.1,2; 3) we can immediately write, with the help from (8.1,2; 3):
